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Simultaneously, the treatment of early stages of breast cancer is becoming increasingly aggressive, with prolongation of adjuvant antihormonal therapies beyond 5 and probably 10 years at least in lymph node positive hormone receptor positive patients [13, 14] . This is also true for the chemotherapy regimens used in the neaodjuvant as well as the adjuvant setting. Dose-dense [15] and dose-intense chemotherapy regimens are increasingly used. This is true for patients in the US who traditionally receive therapies based on cytotoxic agents as well as in Europe which is characterized by a higher trend towards antihormonal therapy [16] .
In the metastatic setting a growing percentage of patients has previously received anthracyclines and/or taxanes in the (neo)adjuvant setting. Since these drugs are the currently most effective cyctoxics also in advanced stages, their use as single agents and/or backbone of combination regimens remains without comparable alternatives in many instances. This may cause a higher propensity towards cardiac, neurological and mucoepidermal complications even when the drugs are captured in nanoparticle shelfs, such as lipids, or bound to albumin. At least the avoidance of cardiotoxicity [17] will more frequently be at the price of mucocutaneous [18] or hematopoietic side effects. This choice between 'Scylla and Charybdis' may be exaggerated in the future by the successful use of drugs targeting the Her2 signaling pathways early during treatment [19, 20] or by drugs targeting the epidermal growth factor receptor pathway [21] .
It seems reasonable [22] that the prognosis of cancer in general and of breast cancer in particular is related to the total In this issue of Breast Care a number of articles shed light on the side effects of therapies in the treatment of breast cancer. This is an important issue in the decision-making processes aiming at a fair tradeoff between benefit and risk for the individual patient. In its essence this merging of knowledge of evidence based medicine from the literature, the oncologists' personal experience with specific comorbidities and the problems of the individual patient is at the very heart of medicine. The quality of treatment decisions is the core of the art of oncology and must be steadily adapted to the development of the field. This is true for any type of cancer but the following factors stress the importance for resetting considerations in treatment decisions and research orientation in breast cancer:
The prognosis of breast cancer patients is continuously improving, with an increasing number of long-term survivors in early stages of disease [1] [2] [3] . This means that in an ageing population with a constant increase in life expectancy of 3 months per year since the 1840s [4, 5] more women than ever before will survive [2] long enough to experience long-term complications. This is the price which has to be paid for the rapid and substantial progress, a phenomenon which has previously turned out to be of paradigmatic relevance in Hodgkin's disease [6, 7] and some tumors of childhood and early adulthood [8] .
In addition, breast cancer is now understood as a primarily systemic disease from its early onset. This is underlined by the observation that micrometastases in bone marrow [9] and circulating cytokeratin-positive peripheral blood cells [10] occur early during disease and may be of prognostic impact. The lack of a plateau in relapse-free survival curves of breast cancer patients substantiates the chronic nature of this disease [11, 12] . As a consequence of earlier diagnosis often associated with initial presence of micrometatases, of improved treatment results, and the prolongation of the natural life expectancy, more women will be candidates for (neo)adjuvant number of drugs available [23] ; probably more than to the efficiency of a certain single drug or a multidrug regimen used in first line. The Karolinska report [24] demonstrates that the early uptake of novel drugs by the market is directly associated with outcome benefits in the cancer population. In consequence, the rational interpretation of these findings is that fortunately many patients will receive most or all of the effective and novel drugs for their specific type of cancer. Many of the future drugs applied during the further course of the disease will be unknown at the time treatment is started. This means that the arsenal of drugs applicable during the patient's lifetime but also the range of side effects tolerable in type and severity have to be considered or anticipated and respected in advance.
Clinical trials are recognized as benchmark for quality control, based on the results from a Cochrane meta-analysis demonstrating a better outcome for patients in trials [25] . The building of cancer centers and breast units correctly mandates a high percentage of patients to be included in trials. The dark side of the shining moon of scientific and clinical advancement, however, may consist in the pressure of patients, physicians, and pharmaceutical industry towards a very rapid progression from the first-in-man dose to marketing of drugs and a shortening of the very expensive clinical development program of drugs, e.g. by recently launched 'phase 0' trials [26] [27] [28] . The rush into the transfer of data from patients with metastatic breast cancer to earlier stages of disease is also a two-edged sword. The neoadjuvant approach is promising in many regards but the uncritical use of pathological complete response (pCR) as a surrogate marker for improved outcome may foster ever more aggressive preoperative therapies thus increasing long-term side effects which go unrecognized since these trials are usually closed after surgery and long-term follow-up is the exception rather than the rule [29] . In the adjuvant situation, the follow-up time usually is also restricted due to the high costs associated.
In trials cancer drugs are tested in patients with a very restricted comorbidity profile. The interaction of anticancer drugs in a more real-life scenario where patients may suffer from a substantial number of comorbidities requiring further medication, does not only mean a higher vulnerability and a lower threshold for organ damage, but also translates into an unforeseeable toxicity profile. As a consequence, the results from long-term postmarketing studies may substantially alter the estimation of risk/benefit ratios. For example the number needed to treat (NNT) in order to save one life within 3 years after treatment with trastuzumab is considered to be 1:40, and the NNT for a 3-year disease-free survival (DFS) advantage 1:8. This has to be balanced against a number needed to harm (NNH) in terms of a New York Heart Association (NYHA) class 3, 4 or 5 event of 1:30 and a risk for symptomatic or asymptomatic cardiac dysfunction of 1:5. Apparently, these data were recorded from extremely selected patients well controlled in trials and the current view of the scientific community for a positive benefit/risk balance for trastuzumab is well taken. However, this view needs careful adaptation, particularly in very low-risk patients, in whom the relative risk reduction results in a very small absolute benefit, and in patients with unrecognized or subclinical cardiovascular problems.
What Are the Novel Challenges from these Developments?
With the better understanding of signal transduction processes in cancer cells and its use for tailoring molecular or genetic factors for response prediction and target identification, more patients will receive drugs targeting a narrow spectrum of pro-survival pathways in specific cancer cells. This likely will translate into synergy in toxicity profiles of tailored drug combinations. For example, women with triple negative breast cancer will increasingly receive platinum/taxane combinations [30, 31] and as a result, severe polyneuropathy will emerge as a novel problem in breast cancer therapy [32] . Currently, platinum-based neuropathy is more often recognized as an irreversible or long-term complication in a substantial proportion of colon cancer patients surviving locally advanced disease. Unfortunately, the benefits of currently recommended preventive and therapeutic approaches are overestimated and modest at best.
Asthenia and fatigue emerge as relevant side effects of docetaxel-based regimens, particularly in the metastatic setting. Little effort is directed towards the understanding of the pathophysiologic principles underlying these side effects and they are often underestimated in terms of clinical relevance as compared to the traditional danger signal neutropenia. Fatigue is often attributed to anemia, but in patients with hemoglobin levels above 10 g/dl less than 20% of the fatigue problem can be attributed to this moderate anemia [33] .
Neurocognitive side effects of cytotoxic and antihormonal therapies are beginning to be a matter of concern. However, despite the increasing evidence for unexpected side effects of hormonal replacement therapy like dementia and increased cardiovascular events, data on the effects of antihormonal therapy on neurocognitive functions are sparse and controversial [34, 35] . It is, however, laudable that studies on the pathophysiology of neurocognitive side effects of cytotoxics [36] have been started [37] .
Since the so called 'biologicals' used for 'targeted therapies' are often characterized by a low or modest degree of efficacy by their own, the trend for multikinase inhibitors or combinations of drugs acting within the same biologic process, such as neoangiogenesis, are of interest. Despite hints for increasing the efficacy by such approaches, unexpected and substantial increases in severe cardiovascular toxicity, microangiopathic hemolysis and thrombotic thrombocytopenic prupura are observed when for example combining bevacizumab with sunitinib [38] . It also has to be recognized that vascular endothelial growth factor has substantial consequences for neurogenesis Greil and cognitive functions in rats [39] , and that the current observations guarantee safety in this regard only for patients with metastatic disease and a rather short life expectancy.
Problem Solutions
Cancer research and the care for breast cancer patients must be more tightly linked to each other. Oncologists are primarily focused on fighting cancer and so is the pipeline orientation of pharmaceutical companies. For other disciplines however, the traditional research hotspots are outside of organ specific side effects of anticancer drugs. Only the understanding of breast cancer treatment as the care for patients in a multidimensional approach covering physical, psychological and social consequences of the disease and not an exclusive concentration on the shrinkage of tumors guarantee the adequate recognition of short-and long-term side effects of cancer therapy. This approach, however, is not sufficient to establish and foster necessary research. Basic research must be driven much more by clinical needs.
It is necessary to avoid euphemistic misuse of terms for characterizing novel drugs. Neither efficacy nor tolerability will be improved by the broad usage of the term 'targeted therapy' for drugs which sometimes essentially rely on off-target effects. Classical cytotxic therapies are sometimes clearly more targeted than 'targeted therapies', and 'targeted therapies' or 'biologicals' are not per se less dangerous than cytotoxic therapies. In many instances, only less is known about the side effects. Oncologists should not become the victims of simple advertising by pharmaceutical companies or betrayed by their own uncritical view of the media. They should not forget to critically look for novel or unexpected side effects.
The observation of osteonecrosis of the jaw, which was only recognized in post-marketing studies after thousands of patients had been included in trials of bisphosphonates without such observations made, underlines the problems of current trial designs for side effect recognition. This might be even more true for modern drugs, such as antiangiogenetic agents. An essential paradigm for the conversion of hopes into frustration and concern might be the long-term and broad use of erythropoiesis stimulating agents [40] . The problem is even more severe for investigator initiated trials even when performed by well renowned cooperative study groups, since their documentation of toxicity and side effects is of worse quality than in approval trials. Long-term observations of trials and registers for toxicities should be made mandatory by regulatory agencies and be supported by governmental and pharmaceutical sponsorships.
Establishment of biobanks should not only be motivated by the insight into tumor biochemistry and biology that might be gained but also by the understanding that they provide essential tools for defining genetic polymorphisms predisposing to certain acute and long-term toxicities of drugs. Tailoring individualized breast cancer therapies could thereby be empowered for optimization of efficacy as well as toxicity profiles. Networks for genetic efforts in drug toxicity programs have recently been established, e.g. by the Serious Adverse Event Consortium, the Warfarin Consortium, and the European Collaboration for Studying the Genetic Basis of Adverse Drug Reaction Programs [41] , but the author is not aware of such large-scale programs in oncology. They certainly would be worth considering.
The currently available tools for determination of quality of life were an important step for understanding and accepting quality of life as a topic amenable to research. However, more recently significant problems arose with these tools. They seem to be unable to correlate and interpret differences in objective side effects with differences in the patients' perception of quality of life. They are not specific enough to discern the effect of the addition of 'biologicals' to cytotoxics. This may be a particular problem in patients with breast cancer, who are often asymptomatic and in a good performance status even in the metastatic stage of their disease. In such scenarios, the quality of life profile may be driven by the basic cytotoxic rather than by differences in the drugs added. This makes it difficult to weigh modest improvements in cancer-specific outcome and quality of life against costs. In addition, quality of life instruments are not adapted to long-term analyses and patitents' acceptance declines within short periods of treatment. Adequate benefit/risk estimations, however, will increasingly require the tradeoff between short-and long-term quality of life estimations. We definitely need much more progress in research on quality of life and adequate tools for its measurement to justify incorporation of such data in consultation of patients and refinement of the decision-making process.
In summary, with always better results in terms of tumor control, a closer and more scientific look at the development of side effect profiles of breast cancer treatment is mandated. More and more the benefit/side effect ratio acceptable for an individual patient will be driven by the categorization of lifetime risks similar to the cancer types for which breakthroughs have been observed long ago. This requires new and exciting scientific programs in search for genetic predispositions towards side effects, larger population-based registries for adequate long-term follow-up within and outside of clinical trials, a careful avoidance of euphemistic labeling of novel drugs and a change in the communication between physicians and patients. Indeed, the discussion of long-term effects of drugs and of yet unproven but plausible or possible side effects will become a more important part of the patient-physician relationship in the future. 
